

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 2 ) )
P
addy
 
P
addy
 
“ “A
riete
A
riete
” ”
CO
TA
rro
z
-S
alvate
rra
 d
e
 M
ag
o
s
op
e
n
op
e
n
- -top
 ch
a
m
b
e
rs
top
 ch
a
m
b
e
rs
(+150
 pp
m
 CO
(+150
 pp
m
 CO
2
 
2
 +
 5
+
 5
° °C) C)
ele
vatio
n
 of
 CO
2 (+150
 pp
m)
ele
vatio
n
 of
 CO
2 (+150
 pp
m)
 a
nd
 te
m
p
e
ratu
re
 (+
 5
°C)
H
a
rve
sting
 a
nd
 m
illing
 of
 
“A
riete
”
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
ro
ugh
 rice
ro
ugh
 rice
Rice
 h
u
sk
Rice
 h
u
sk
B
ro
w
n
 rice
B
ro
w
n
 rice
W
hite
 rice
W
hite
 rice
Rice
 b
ra
n
Rice
 b
ra
n
N
utritio
n
al
 p
a
ra
m
ete
rs
 e
valu
ated
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
1
.N
utrie
nts
:
a
m
in
o
 acid
s
,
 fatty
 acid
s
,
 
dieta
ry
 fib
e
rs
,
 free
 s
ug
a
rs
,
 m
in
e
rals
2
.A
ntin
utrie
nts
:phytic
 acid
3
.A
ntio
xid
a
nts
:
vita
m
in
s
,
 ph
e
n
olic
 
acid
s
,
 fla
vo
n
oid
s
 
4
.S
e
n
so
ry
 attrib
utes
:
 co
oking
,
 eating
,
 
app
ea
ra
n
ce
C
lim
ate
 ch
a
ng
e
 o
n
 D
IETA
R
Y
 FIB
ERS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-40
-20
0
20
40
60
80
100
120
non
-structural
 carbohydrates
structural
 carbohydrates
amylose
starch
hemicellulose
 
cellulose
lignin
soluble
 dietary
 fibers
insoluble
 dietary
 fibers
GROSS
 ENERGY
CO2
82%
8%
51%
-50
0
50
100
150
CO
2 +
 Temperature
31%
0%
130%
C
lim
ate
 ch
a
ng
e
 o
n
 FR
EE
 SUG
A
RS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-55
-5
45
95
145
195
245
arabinose
manose
glucose
 
galactose
 
fructose
maltose
sucrose
raffinose
FREE
 SUGARS
CO
215%
18%
134%
-55
45
145
245
CO2 +
 Temperature152%
22%
222%
C
lim
ate
 ch
a
ng
e
 o
n
 FA
TTY
 AC
IDS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-25
-5
15
35
55
CO2 +
 Temperature
6%
9%
12%
-25
-5
15
35
55
myristic
 acid
 
palmitic
 acid
 
stearic
 acid
 
oleic
 acid
 
linoleic
 acid
 
γ
-linolenic
 acid
 
α
-linolenic
 acid
 
arachidic
 acid
 
ω6/ω3
saturated
 
unsaturated
 
CRUDE
 FAT
CO
2
23%
18%
8%
C
lim
ate
 ch
a
ng
e
 o
n
 M
IN
ER
A
LS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-60
-40
-20
0
20
total
 carbon
total
 nitrogen
carbon/nitrogen
 ratio
phosphorus
calcium iron zinc
phytic
 acid
calcium
 bioavailability
iron
 bioavailability
zinc
 bioavailability
dry
 matter
TOTAL
 ASHES
CO2
17%
-60
-40
-20
0
20
CO2 +
 Temperature
43%
45%42%
49%
C
lim
ate
 ch
a
ng
e
 o
n
 A
M
INO
 AC
IDS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-65
-45
-25
-5
15
35
55
leucine
asparagine
glutamine
aspartic
 acid
serine
glutamic
 acid
glycine
arginine
alanine
tyrosine
phenylalanine
isoleucine
CRUDE
 PROTEIN
CO
2
48%
9%
40%
-65
-45
-25
-5
15
35
55
CO2 +
 Temperature
0%
15%
34%
C
lim
ate
 ch
a
ng
e
 o
n
 PH
ENO
LIC
 AC
IDS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-110
-60
-10
40
gallic
 acid
protocatechuic
 acid
p
-hydroxybenzoic
 acid
vanillic
 acid
syringic
 acid
chlorogenic
 acid
caffeic
 acid
p
-coumaric
 acid
sinapic
 acid
ferulic
 acid
TOTAL
 PHENOLICS
CO2
18%17%
-110
-60
-10
40
CO2 +
 Temperature
31%
34%
C
lim
ate
 ch
a
ng
e
 o
n
 FLA
VO
NO
IDS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-110
-90
-70
-50
-30
-10
10
30
unidentified
 4
unidentified
 3
unidentified
 2
unidentified
 1
luteolin
 7
-O
-glucoside
apigenin
 7
-O
-glucoside
apigenin
tricin
 
TOTAL
 FLAVONOIDS
CO2
13%10%
-110
-90
-70
-50
-30
-10
10
30
CO2 +
 Temperature
31%
65%
C
lim
ate
 ch
a
ng
e
 o
n
 VITA
M
IN
 E
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-85
-65
-45
-25
-5
α
-tocopherol
 
β
-tocopherol
γ
-tocopherol
 
δ
-tocopherol
α
-tocotrienol
β
-tocotrienol
γ
-tocotrienol
δ
-tocotrienol
total
 tocopherols
 
total
 tocotrienols
vitamin
 E
 
 
CO
2
16%
70%
38%
-85
-65
-45
-25
-5
CO2 +
 Temperature
52%
69%
15%
C
lim
ate
 ch
a
ng
e
 o
n
 SENSO
R
Y
 TR
A
ITS
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
-50
-30
-10
10
30
50
70
90
cooking
 (peak
 viscosity)
minimum
 viscosity
eating
 (breakdown)
final
 viscosity
setback
peak
 time
pasting
 temperature
consistency
firmness
color
 a
 redness
color
 b
 yellowness
color
 L
 brightness
CO2
3%16%
11%
-50
-30
-10
10
30
50
70
90
CO2 +
 Temperature
4%13%
12%
B
e
n
eficial
 effects
 of
 clim
ate
 ch
a
ng
e
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
dieta
ry
 fib
e
rs
dieta
ry
 fib
e
rsele
vated
 CO
2
ele
vated
 CO
2
ele
v
ated
 CO
2
 
 +
 te
m
p
e
ratu
re
 
 
 
ele
v
ated
 CO
2
 
 +
 te
m
p
e
ratu
re
 
 
 
free
 s
ug
a
rs
free
 s
ug
a
rs
p
o
sitive
 
effects
 
p
o
sitive
 
p
o
sitive
 
effects
 
effects
 
m
o
re
 p
o
sitive
 effects
 
m
o
re
 p
o
sitive
 effects
 
m
o
re
 p
o
sitive
 effects
 
N
eg
ativ
e
 effects
 of
 clim
ate
 ch
a
ng
e
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
ph
e
n
olics
ph
e
n
olicsele
vated
 CO
2
ele
vated
 CO
2
ele
v
ated
 CO
2
 
 +
 te
m
p
e
ratu
re
 
 
 
ele
v
ated
 CO
2
 
 +
 te
m
p
e
ratu
re
 
 
 
vita
m
in
 E
vita
m
in
 E
n
eg
ative
 
effects
 
n
eg
ative
 
n
eg
ative
 
effects
 
effects
 
m
o
re
 n
eg
ative
 effects
 
m
o
re
 n
eg
ative
 effects
 
m
o
re
 n
eg
ative
 effects
 
N
eg
ativ
e
 effects
 of
 clim
ate
 ch
a
ng
e
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
p
rotein
 a
nd
 a
m
in
o
 acid
s
p
rotein
 a
nd
 a
m
in
o
 acid
s
ele
vated
 CO
2
ele
vated
 CO
2
ele
v
ated
 CO
2
+
 te
m
p
e
ratu
re
 
 
 
ele
v
ated
 CO
2
+
 te
m
p
e
ratu
re
 
 
 
n
eg
ative
 effects
 
n
eg
ative
 effects
 
n
eg
ative
 effects
 
less
 n
eg
ative
 effects
 
less
 n
eg
ative
 effects
 
less
 n
eg
ative
 effects
 
C
o
ntrasting
 effe
cts
 of
 clim
ate
 ch
a
ng
e
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
m
in
e
ral
 bio
a
vailability
m
in
e
ral
 bio
a
vailability
ele
vated
 CO
2
ele
vated
 CO
2
ele
v
ated
 CO
2
+
 te
m
p
e
ratu
re
 
 
 
ele
v
ated
 CO
2
+
 te
m
p
e
ratu
re
 
 
 
p
o
sitive
 effects
 
p
o
sitive
 effects
 
p
o
sitive
 effects
 
n
eg
ative
 effects
 
n
eg
ative
 effects
 
n
eg
ative
 effects
 
R
eco
m
m
e
nd
atio
n
s
 fo
r
 P
o
rtug
al
 rice
s
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
1
.M
aintain
 
“A
riete
”
as
 a
 leading
 c
ultiva
r:If
 th
e
 m
ain
 
e
nd
-u
se
 of
 rice
 is
 rich
n
ess
 in
 dieta
ry
 fib
e
rs
 a
nd
 
dig
estibility
2
.S
electio
n
 o
r
 b
reeding
 fo
r
 n
e
w
 va
rieties
:If
 c
ultiva
r
 
rich
 
in
 
b
oth
 
dieta
ry
 
fib
e
rs
 
a
nd
 
a
ntio
xid
a
nts
 
co
m
p
o
u
nd
s
 a
re
 n
eed
ed
3
.Ad
opting
 n
e
w
 g
ro
w
ing
 a
nd
 p
ro
cessing
 p
ractices
:
In
 
taking
 
into
 
co
n
sid
e
ratio
n
 
d
ata
 
o
n
 
rice
 
m
a
n
ag
e
m
e
nt
 p
ractices
 glath
e
red
 fro
m
 th
e
 study
A
ck
n
o
w
le
d
g
e
m
e
n
ts
C
e
n
tre
 fo
r
th
e
 R
e
se
a
rch
 a
n
d
T
e
ch
n
o
lo
g
y
 o
f
A
g
ro
-E
n
v
iro
n
m
e
n
ta
l
a
n
d
 B
io
lo
g
ica
l
S
cie
n
ce
s
